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(57) A graded-refractive-index optical plastic mate- 
rial comprising an amorphous fluorine-containing poly- 
mer (A) having substantially no C-H bond, and at least 
one fluorine-containing polycyclic compound (B) having 
a refractive index higher by at least 0.005 than the fluo- 
rine-containing polymer (A), wherein the fluorine-con- 
taining polycyclic compound (B) is distributed in the 
fluorine-containing polymer (A) with a concentration 
gradient such that the concentration decreases in a 
direction of from the center to the periphery, and the flu- 
orine-containing polycyclic compound (B) is at least one 
fluorine-containing polycyclic compound selected from 
the group consisting of the following compounds fB1) 
(B2) and (B3): 



(B2) a fluorine-containing non-condensed polycy- 
clic compound having at least three fluorine-con- 
taining rings bonded directly or by a bond 
containing a carbon atom, each of said fluorine- 
containing rings being a carbon ring or a heterocy- 
clic ring and having a fluorine atom or a perfluoro- 
alkyl group, said polycyclic compound having 
substantially no C-H bond; 

(B3) a fluorine-containing condensed polycyclic 
compound which is a condensed polycyclic com- 
pound composed of at least three carbon rings or 
heterocyclic rings, and which has substantially no 
C-H bond. 



(B1) a fluorine-containing non-condensed polycy- 
C\J die compound having at least two fluorine-contain- 

^ mg rings bonded by a bond containing at least one 

CO member selected from the group consisting of a tri- 

g azine ring, an oxygen atom, a sulfur atom, a phos- 

phorus atom and a metal atom, each of said 
0 fluorine-containing rings being a carbon ring or a 

0> heterocyclic ring and having a fluorine atom or a 

0 perfluoroalkyl group, said polycyclic compound 

' having substantially no C-H bond; 
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Description 

[0001 J The present invention relates to a graded -refractive-index optica! plastic material having high transparency and 
high thermal resistance simultaneously, which used to be difficult to attain with conventional optical plastics 
[0002] The optical plastic material of the present invention may be, per se. a light transmission medium such as an 
optical fiber, or a body material of a light transmission medium, such as a preform of an optical fiber. 
[0003] A light transmission medium which is the optical plastic material of the present invention is free from light scat- 
tering and very transparent to light at wavelengths within a wide range from ultraviolet light to near infrared light since 
it is made of an amorphous resin Therefore, it is useful for optical systems for light source of various wavelengths In 
particular, the optical plastic material of the present invention provides a light transmission medium with a small loss at 

fn^If f, h ° f 1 ,3 °° nm ° r 1 ,55 ° nm ' at which a trunk vitreous si,ica fiber is used in f ield of optical communication 
[0004] A light transmission medium which is the optical plastic material of the present invention has thermal resist- 
ance, chem.ca! resistance, humidity resistance and nonflammability enough to withstand severe use conditions for 
example, in an engine room of an automobile. 

[0005] A light transmission medium which is the optical plastic material of the present invention is useful as various 
graded-refractive-index light transmission medium such as a graded-refractive-index optical fiber, a rod lens an optical 
waveguide, an optical decoupler, a wavelength multiplexer, a wavelength demultiplexer, an optical attenuator a light 
switch, an optical isolator, a light transmitting module, an light receiving module, a coupler, an optical deflector and an 
optical integrated circuit. 

[0006] Here, "graded-refractive-index" means a region wherein the refractive index of a light transmission medium 
vanes continuously in a specific direction. For example, a graded-refractive-index optical fiber shows a refractive index 
profile that the refractive index parabolically decreases from the center of the fiber along the radii 
[0007] In a case where the optical plastic material of the present invention is a body material of a light transmission 
medium, it is spun, for example, by hot drawing to prepare a light transmission medium such as a graded-refractive- 
index optical fiber. 

[0008] Heretofore, as a resin for a graded-refractive-index plastic light transmission medium, an amorphous fluorine- 
containing polymer has been known which has a fluorine-containing alicyclic structure in its main chain (JP-A-8-5848) 
A graded-refractive-index plastic light transmitting medium obtainable by distributing in this resin a dispersion material 
which is dispersible in this resin and which has a refractive index different from this resin, is known to provide a light 
transmission medium with a low loss at a wavelength of 1 .300 nm or 1 .550 nm. which used to be hardly accomplished 
with a conventional light transmission medium such as a methyl methacrylate resin, a carbonate resin or a norbornene 
resin. 

[0009] However, if a dispersion material differing in the refractive index, is distributed to form a refractive index grada- 
tion, there will be a problem such that the glass transition temperature Tg of the optical plastic decreases and the ther- 
mal resistance decreases. Especially, in the case of an optical plastic material wherein a dispersion material having a 
not-so-nigh refractive index, such as an oligomer, i.e. a pentamer to an octamer, of chlorotrifluoroethylene (refractive 
index: 1.41), is dispersed, it is necessary to increase the content of the dispersion material in order to increase the 
numerical aperture NA (NA=(n -m 2 ) 1/2 . where n is the maximum value of the refractive index in the graded-refractive- 
index optical plastic material, and m is the minimum value of the refractive index in the graded-refractive-index optical 
plastic material. 

[001 0] On the other hand, Tg of this oligomer is as low as about -60°C ( and it is a compound which is liquid at room 
temperature. Accordingly if the content is increased in order to increase NA. Tg decreases. As a result when the light 

ransmission medium is exposed to a high temperature, the refractive index gradation tends to change and the light 
transmission performance tends to change. Therefore, there is a problem that it is difficult to increase NA 

u? L °1 the 0th8r hand ' the dispersion material disclosed in JP-A-8-5848, such as dibromotetrafluorobenzene or 
chloroheptaf luoronaphthalene, has a high refractive index, whereby the amount may be small in order to obtain an ade- 
quate numerical aperture NA. However, even with an optical plastic material having this dispersion material dispersed 
Tg is low. and the thermal resistance is inadequate. Further, the solubility of such a dispersion materia] in the resin is 
not so high, whereby light scattering is likely to occur, thus leading to an increase of a light transmission loss 
[001 2] It is an object of the present invention to solve the problems which conventional graded-refractive-index optical 
plastic materials had and to provide an optical plastic material having the thermal resistance improved and having a low 
light transmission loss. y 

[0013] The present inventors have conducted extensive studies, and as a result, they have considered it important 
that in order to obtain a fluorine-containing optical plastic material with a low scattering loss, having thermal resistance 
imparted, the dispersion material to form a refractive index gradation, is a compound having high Tg and a high refrac- 
t.ve.ndex, while securing the solubility, and have found that a certain specific fluorine-containing polycyclic compound 
is effective as such a compound. K 
[0014] Thus, the present invention provides a graded-refractive-index optical plastic material comprising an amor- 
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taining polycydic confound (B) is a » lea st SSSJSSSLSISS r to *" and *• A^ne-con- 

sisting of the following compounds (B1).^ 2 ) a^S™ * COnvound """"W tat. the group con- 

^SSSSS^^ « '«* -o fluonne^ng rings 

atom, a sulfur atom, a phosphorus atom Z a me a£m ^h o sXorlT 9 ,°' 9 ^ ** a " 0Xyfle " 

havins a — - - a ~f Sksmsss 25 

f-uorine-contaimng rings 

(B» isa compound having «SSJ ^JJSSS ff e^t^ 01 "* ^'^^red to as the compound 
tjon of near infrared light.and it is a «^^^^,S2E2^W **• ^erwise causes ahsorp- 

rsrjr po,ymer(A)ha ^ 

above group, or may be a combination of a. SSS/SJIi SEES * * ^ S6,eC,ed from 

contains no perfluoroalkyl group retracfive .ndex from the polymer (A), the compound (B) preferably 

bered rings, and they are more preferably 4-tolmen*er«riZT^ P ^ SelSC,ed ,rom a « ,eas * 4-mem- 
* arably selected from a carbon atom, a niiogeT a^an^ZL^ tOTS T rt ^ ,heh ^ yd,crin 9^^- 
pemuoroaM gro* is preferably a Cl . M pXioSj group^ a,0n1 ' * a, ° m and 8 P" 0 ^™ «°m. The 

UL!TC?^^SJ£ St .^r^ rin9 " h 38 a c ' c,opantena <«* <* ^ 

a benzene ring substituted by a methyl ^or^ytfc JslZZZ^ ^ 008 " 1 "° hydr ° 98n atoms in 
carbon ring, such as a cyclopentene ring' or a cyclohexene ring ^ * ^ ^ a " aTOmatic «*ro- 

Kmo^r^ 

co-owning two or more atoms^means haf^oS SSZE*2 1 *" ^ed without 

or the fluorine-containing rings are directly bonS « Si h!^,* ^ C °-° Wned «* ,hem ' 

are .nd.rectly bonded" means that the lluorine-conteirtn^ ^ * 1,16 term ,he " uori "e-containing rings 
[0025, 'nacasewheretwof.uorine-co^rn e n^S 
ber selected from thegroupconsis^ngofatria^ 
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fain.ng rings, or a bond containing carbon pnos P norus a ^ "* direct bonduig of three or more fluorine-con- 

L2, by* — "uorine-containing rings 

1,2 or 3. is preferred. In this'specificatfon V^^^^^ir*"''* °' ,he M °™* 
onne atoms removed from perfluorobenzene In a ca sa • ^ 9 represents a having g flu- 
atoms, it may have a structure having sTmeor all of su* ^ SH " reman after removina 9 f '"°"ne 
[0028] As a f luorine-containing imSZmL 0013 sU)s,rtu,ed «* a perfluoroalkyl group 
bond* by a bond containi^S,™ a^ SEEKEE! ^ * ^ *"° *«*«i*A 1B rings 
formula 4 or 5 is preferred. 6 conta,n,n 9 aro ™*° sulfur-containing coirpound of the following 

EX byl KSSCXSSSK a^ounT'^ * I** *" -ngs 

11 or 12 is preferred. With a view to not ln^^S^«X^^ U ^° ,the '°" 0Win9 formo,a 9 ' 
na.. the total number o,»W,n the '^ne-c^^^^ 
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F-(-o 2 -S-) h -* 1 (wherein h is an integer of from 1 to 4, 
* k (-S-* 1 ) k (wherein k is an integer of from 1 to 6.) 
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(<l> 1 -S-) q -M 8 

(wherein M is a metal atom selected from the group consisting of Zn, Sn, Pb. Ge. Si, Ti. Hg. Tl, As. Se, Te and Cd, and 
so each of p and q is a valency of metal M and an integer of from 2 to 4.) 

F-(<t> 2 ) r -F (wherein r is an integer of from 3 to 7.) 9 



30 



<t> l -i 4 -4>' ii 
i 1 



45 



55 



[0032] In a fluorine-containing condensed polycyclic compound which is a condensed polycyclic compound com- 
posed of at least three carbon rings or heterocyclic rings, wherein some or all of hydrogen atoms are substituted by a 
fluorine atom or a fluorine-containing group, the carbon rings and the heterocyclic rings are preferably at least 4-mem- 
bered rings, more preferably from 4- to 6-membered rings. Preferred atoms constituting such heterocyclic rings are 
selected from a carbon atom, a nitrogen atom, an oxygen atom, a sulfur atom and a phosphorus atom. 
[0033] The fluorine-containing condensed polycyclic compound is preferably a fluorine-containing condensed polycy- 
clic hydrocarbon composed of three or tour carbon rings, such as pert luorof luorene, pert luorophenalene, pert luoroph- 
enanthrene, perfluoroanthracene, perfluorotriphenylene, perfluoropyrene, perf luorochrysene or perfluoronaphthacene, 
or a fluorine-containing condensed polycyclic compound of the following formula 13 or 14. 



5 



BP 0 907 088 A2 



10 



15 




13 



14 



20 



25 



30 
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10036] As such a compound (B) SS1T^ Wk *'«^ 
having a, .eas, twofluorine-^aiXS^ 

be a 1,2,3-triazine ring, a 1,2.4.triaz.n e ring oVa 1 3 5 «2? h " 8 f ^ 9 fr,azine rin9 ' 706 triazi "e ring may 

[0037] The polymer (A) in the presert Xta felm^nh" 9 ' 8 Preferab,y a ' A«**e ring. Y 

C-H bond causing absorption o.S«Si"r£lTr,? h *~ n °' have a 

phous fluorine-containing polymer having substanfely no^boSd S^T Wy ' imi,ed 60 '° n9 as 11 is an amor " 

nZ 8V m 9 3 fl " 0 rine "° ntainin9 aHc ^ ^urSmiin Safn " ' S * "-""Gaining pol- 

[uuooi Here, thft torm « ii 
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T00381 Horn ♦ „l . — 7 UUIUI B m 115 ma,n cnain. a 1 — 

a structure TJSSTJSSi 'S^SSSSSSSS * * ^ - - *»™ - 

constituting the main chain, and a f luo™ 21^? ^'° 9r ° UP * the Carbon a,om in *» carbon chain 
atoms constituting the alicyclic ring. S. ^SSiSS^S T" ' S b0nded * ,ea8, to «"» * fi. c«l5 
aliphatic ether ring structure * COnta ' nin9 a,,cyc,,c * preferably a fluorine-containing 

pound (B) which is required for the fornTafio "o T^Z^Zl^t^ and dif,usi °" <* *e com- 

mat,on of the retrace index gradation tends totedS^ 

be a practical problem. Namely, in a case where it * u^YlwZlSZ?' L * ViSC ° Sity h to0 low ' ,here wi « 
■zable double bonds. P Y * °" * a ,luor,ne ^ on ^^ 

a polymer having a fluorine-containing alicyclic sSre Ste ma^n S * Wn JP * 83 - 1 Namely, 

a monomer having a fluorine-containing alicyclic S^JlZl^or^ J- * ^^P^rization <* 

>ng such a monomer with a radical-polwneriLbte I™! ! Peri luoro(2,2-dimefhyl-l ,3-dioxole). or copolymeriz- 
fluorofmethyl vinyl ether). P**™*** monomer such as tetrafluoroethylene, trichlorofluoroeth^ene 7p« 
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[0043] Further, a polymer having a fluorine-containing alicyclic structure in its main chain, which is obtainable by cyclic 
polymerization of a fluorine-containing monomer having at least two polymerizable double bonds, is known, for exam- 
ple, from JP-A-63-2381 1 1 or JP-A-63-2381 15. Namely, a polymer having a fluorine-containing alicyclic structure in its 
mam chain, can be obtained by cyclic polymerization of a monomer such as perf luorofallyl vinyl ether) or pert luoro(bute- 
5 nyl vinyl ether) or by copolymerizing such a monomer with a radical polymerizable monomer such as tetrafluoroethyl- 
ene. chlorotrifluoroethylene or perfluoro(methyl vinyl ether). 

[0044] Further, the polymer having a fluorine-containing alicyclic structure in its main chain, may also be obtained by 
copolymerizing a monomer having a fluorine-containing alicyclic structure such as perfluoro(2,2<limethyl-1 ) 3-dioxole) 
with a fluorine-containing monomer having at least two polymerizable double bonds, such as perfluoro(allyl vinyl ether) 

10 or perfluoro(butenyl vinyl ether). ' 
[0045] The polymer having a fluorine-containing alicyclic structure is preferably one containing at least 20 mol% par- 
ticularly preferably at least 40 mol%, of polymer units having a fluorine-containing alicyclic structure, based on the total 
polymer units in the polymer having a fluorine-containing alicyclic structure, from the viewpoint of the transparency 
mechanical properties, etc. y ' 

is [0046] The polymer having a fluorine-containing alicyclic structure may be those having repeating units represented 
by any one of the following formulae 15 to 18 as specific examples. Further, some of fluorine atoms in such a polymer 
having a fluorine-containing alicyclic structure may be substituted by chlorine atoms in order to increase the refractive 



- (CF, -CF- CF, CF) - 

I | 15 

(CF,) » -O - (CF, ) ■ - ( C F R ' ) j 



(C F a -CF- 



CF-CF. ) - 

I | 16 

(CFi ) « — O — (CF, ) » " — ( C F R 2 ) u 

- (CF, — CF CF, CF) - 

I I 17 

(CF, ) p - (CFC l),-(CF,) r 

- (CR 1 C R " ) - 

1 1 

0 — C R 5 R a - 0 



[0047] In the formulae 15 to 18, h is an integer of from 0 to 5. i is an integer of from 0 to 4, j is 0 or 1 , h+i+j is from 1 
to 6, s is an integer of from 0 to 5, t is an integer of from 0 to 4, u is 0 or 1 , s+t+u is from 1 to 6, each of p q and r which 
are independent of one another, is an integer of from 0 to 5. p+q+r is from 1 to 6, each of R 1 to R 6 which are independ- 
ent of one another, is a fluorine atom, a chlorine atom, a deuterium atom (D) or a trif luoromethyl group 
[0048] The monomer having a fluorine-containing alicyclic structure is preferably a monomer selected from the com- 
pounds of the following formulae 19 to 21. 
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[0050] SpecHicexamplesofthecompourrfsof theformulae 19 to 21 include compounds of the Mowing formulae 22 
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CF-O-CF-CF, CF-O-CF, 



II I 
CF-O-CF-CF, 
2 5 

O-CF, 



II I 
CF-O-CF-CF, 
2 6 



CF-O-CF, 
II I 
CF-O-CF, 
2 7 



O-CFCF, 



C F, = C 
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CF. =C 
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O-CF, 



O-CFCF, 
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CY 1 Y 2 = CY 3 OCY 4 Y 6 CY 6 Y 7 CY 8 = CY 9 Y 10 
CZ 1 Z 2 = CZ 3 OCZ 4 Z 5 CZ 6 = CZ 7 Z 8 

cw 1 w 2 = cw 3 ocw 4 w 6 ocw 6 = cw 7 w 8 



30 
31 
32 

EL'lo" form M ,ae 30 1° 32 ' !f Ch * Y1 10 Y1 °' 21 10 28 and Wl t0 W ° which are dependent of one another, is 
a fluorine atom, a chlorine atom, a deuterium atom or a trif luoromethyi group 

[0053] Specific examples of the compounds of the formulae 30 to 32, include the following compounds: 

55 CF 2 = CFOCF 2 CF 2 CF = CF 2 
CF 2 = CFOCCI 2 CF 3 CF = CF 2 
CF 2 = CFOCF 2 CF 2 CCI = CF 2 
CF 2 = CFOCF 2 CFCICF = CF 2 
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CF 2 = CFOCF 2 CF 2 CF = CFCI 

CF 2 = CFOCF 2 CF (CF 3 ) CF = CF 2 

CF 2 = CFOCF 2 CF (CF 3 ) CCI = CF 2 

CF 2 = CFOCF 2 CF = CF 2 
5 CF 2 = CFOCF (CF2) CF = CF 2 

CF 2 = CFOC (CF3) 2 CF = CF 3 

CF 2 = CFOCF 2 OCF = CF 2 

CF 2 = CCIOCF 2 OCCI = CF 2 

CF 2 = CFOCCI 2 OCF = CF 2 
10 CF 2 = CFOC (CF 3 ) 2 OCF = CF 2 

[0054] In production of the optical plastic material of the present invention, the molding of the resins and the formation 
of the graded-refractive-index may be carried out simultaneously or separately. For example, the optical plastic material 
of the present invention may be so produced by spinning or extrusion molding that a graded-refractive-index is formed 
is at the same time as molding the resins. It is also possible to form a graded-refractive-index after molding the resins by 
spinning or extrusion molding. Further, it is possible to produce a preform (body material) having a graded-refractive- 
index and then form (for example spin) the preform into an optical plastic material such as an optical fiber As described 
above, the optical plastic material of the present invention also means such a preform having a graded-refractive-index 
[0055] The optical plastic material of the present invention is most preferably a graded-refractive-index optical fiber 
20 In this optical fiber, the compound (B) is a material having a refractive index higher than the polymer (A) and the com- 
pound (B) is distributed with a concentration gradient such that the concentration decreases in a direction of from the 
center of the optical fiber to the periphery. Accordingly, the optical fiber will have a refractive index gradient such that 
the refractive index decreases in a direction of from the center of the optical fiber to the periphery. The concentration 
gradient of the compound (B) can be formed usually by disposing the compound (B) at the center of the polymer (A)) in 
a molten state and permitting the compound (B) to diffuse in a direction towards the periphery. 
[0056] The compound (B) has a refractive index higher by at least 0.005 than the polymer (A), whereby it is possible 
to make the difference in refractive index as between the maximum value n and the minimum value m of the refractive 
indexm the optical plastic material large. Namely, it is possible to bring the numerical aperture NA represented by (n 2 - 
m ) to a level of at least 0.20. The compound (B) preferably has a refractive index which is higher by at least 0 01 
than the polymer (A). The refractive index of the compound (B) is preferably at least 1 .45, more preferably at least 1 47 
[0057] In general, Tg of a polymer decreases when a low molecular weight compound is added to the polymer In a 
case where a compound having a refractive index which is not so large, is used as a material for forming the refractive 
index difference, the content in the polymer is obliged to be large, whereby Tg tends to decrease, and the thermal resist- 
ance tends to be low. 

[0058] Whereas, the compound (B) in the present invention has a high refractive index, and the desired refractive 
index difference can be formed even by an addition of a small amount, for example, in an amount such that the concen- 
tration of the compound (B) at the center of the optical plastic material will be at most 1 5 wt%, whereby there is a merit 
such that the decrease in Tg is little. 
[0059] Further, Tg of the compound (B) is high, whereby Tg at the center of the optical plastic material can be made 
at least 70°C. Depending upon the type of the compound (B), Tg at the center of the optical plastic material can be 
made to be at least 90°C. The thermal resistance of the optical plastic material of the present invention can thereby be 
remarkably improved. 

i0 !!? 0 L u Further> the ^Pound <B) has good solubility in the polymer (A), and its saturated solubility is from 5 to 20 
wt%. With respect to the solubility parameter (SP value) as an index for the solubility, the compound (B) has a solubility 
parameter of from 8 to 10 (cal/cm 3 ) 1/2 which is close to the solubility parameter of from 6 to 7 (cal/cm 3 ) 1/2 of the polymer 
(A). This is believed to be attributable to the excellent solubility. 

[0061 ] In a case where the content of the compound (B) in the polymer (A) is lower than the above saturated solubility 
the transparency of the optical plastic material of the present invention is good, and there will be little light scattering 
caused by microscopic phase separation or by crystallites of the compound (B). 

[0062] A light transmission medium which is the optical plastic material of the present invention can be made to have 
a transmission loss per 100 m of at most 15 dB at wavelengths of from 700 to 1,600 nm. It is quite advantageous that 
the transmission loss is at such a low level at relatively long wavelengths of from 700 to 1 ,600 nm 
[0063] Namely, it has advantages that since it is available to the same wavelength as vitreous silica optical fiber it can 
be connected to a vitreous silica optical ffoer without any difficulties, and that an inexpensive light source can be used 
as compared with the case of conventional plastic optical fibers which are available only to light at wavelengths shorter 
than from 700 to 1 ,600 nm. 

[0064] Among the transmission characteristics of a light transmission medium, a transmission bandwidth is regarded 
as an important characteristic like the above transmission loss. The transmission bandwidth is desired to be broad in 
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^fe°r !^ S ^ ,ar9e qUan ' i,y 1 inf ° rma,ion at a hi 9 h "P e «*- A silica single mode fiber which is presently 

used for long distance communication has a transmission bandwidth as broad as a few 1 0 GHz • km 

E! or?lT e ^ ha , nd ' 3 P ' aS,iC ° PtiCal ,bef haS a lar9e fiber diameter and can eas % ^ connected to a light 
=n°s^ 

K 6 ' p,asHc OP"*" <j ber * a steP type, whereby the transmission bandwidth is as narrow as a few 

£ Z ™ SUCh 3 dr3Wb3CK 9 S^ded-refractive-index plastic optical fiber having a broad transmit 
banchwtth like the present .nvenbon, has been proposed. With such a graded-refractive-index pLtic optical i?S 
rfractve index gradation is not thermally stable, the transmission bandwidth tends to consequently d^relse 
[0067] The optical plastic material of the present invention has thermal resistance which has been remarkahh, 

STcS J"* tr 6 ™ 3 ' l tabmy 01 the rMe index 9rada,ion is hi9h ' and htSiSSES 

width can be prevented even when it ,s exposed to a high temperature of a. least room temperature, for a I ™pX 

El ^ Pr u eSent invention wi " be described in further detail with reference to Examples However it should 
be understood tha the present invention is by no means restricted to such specific Examples In the Exam 

wl*L ^ , t0 t r t preSent Pre P aration E * am P' es ° f '"a Poller (A), Examples 4T0 10. 16 and T/Zrasent 
Workmg Examples, and Examples 1 1 to 15 represent Comparative Examples. represent 

EXAMPLE 1 

SI ChS^ P f V L"? 6,her) (PBVE) ' 4 k9 ° f dei0niZed 260 9 of meth ^o> and 3.7 g of 

((CH3) 2 CHOCOO) 2 were put into a flask having an internal capacity of 5 lit. After substituting the interior of the svstem 

SUSPe "f PO,ymeriza,ion was ^ ou « ^ 40«C for 22 hours, to obtain 6* g o aZy™ hSa 
number average molecular weight of about 5*1 0< This polymer was treated at 250«C for 5 hours in an atoTosohera o** 
fluonne/nrtrogen mixed gas (fluorine gas concentration: 20 vol%). to obtain a polymer hJne^ltaW 
and thermal stability (hereinafter referred to as polymer A1). * Poiymer naving gocd light transmittance 

EL in,ri , n „ s ' c ^ scosi, y 'Ho' Polymer A1 was 0.3 at 30°C in perfluoro(2*utyftetrahydrofuran)(PBTHn To of 

ST! IT*- " W3S 3 trans P arent 9 lass " lik o Poller which was tough at room tempemture Further i 

had a refractive index of 1 .342 and a SP value of 6.6 (cal/cm 3 ) 1/2 . "veraiure. runner, it 

EXAMPLE 2 

«CH ! CHOror^ fcT 8 ^' " « 0, .P erflu ° r o(2.2^imethy|.1,3-dioxole) (PDD), 200 g of PBTHF and 2 g of 
?B ?a£ Sl £2 .inn ^ olymenzaton ,n,t,ator, were put into a stainless steel autoclave having an internal capacity of 
iSi^T 9 ,en0r °' th6 6yStem by nitro9en ' Polymerization was carried out at 40«C for 20 hours to 

obtain 20 g of a transparent polymer having a number average molecular weight of about 1 5x10* tWdoWw« 
£ated I at 250-C for 5 hourain an atmosphere of fluorine/nitrogen mixed gas fluorine gas concerrtration^oTo^T to 
obtain a polymer having good light transmittance and thermal stability (hereinafter referred to as ooZer A2) ZlvLt 
A2 had a Tg of 1S0°C. a refractive index of 1 .325 and a SP value of 6.5 (cal/cm 3 ) 1 * ^ 



EXAMPLE 3 



« T y u 6ne W6re SUbj8Cted t0 radical Polymerization in a weight ratio of 8020 using PBTHF 

as a solvent, to obtain a polymer havmg a Tg of 1 60°C and a number average molecular weight of about 1 7 x 10 5 Thfe 
polymer was freated at 250-C for 5 hours in an atmosphere of fluorine/nitrogen mixed gas (Lrine gas concern 
20 vrt%) to obtain a polymer having good light transmittance and thermal stability (heLnaZ ef3 to™ Jl» 
A3). Polymer A3 was co.or.ess transparent and had a refractive index of 1 .305 ano a SP ZolS^^ 



EXAMPLE 4 



EL £ ^ Ur ?J 0mpnS ' n ? P0,ymer A1 and Pemuoroftetraphenyttin) (the latter being 7 wt% in the mixture) was 
2^ T< ^ 9 3SS ,Ub6 3Rd mel, - m ° ,d ed at 250-C to obtain a cylindrical molded product (hereinafter refenrf 
toas molded product a). Molded product a had a refractive index of 1.357 and a Tg of 9VC ,nert " naner referred 

EL ^1* C/ ! in ^ riC3 ! 10,56 made so,ely 01 P° lymer A1 was P re P are ° by melt molding, and molded product a was 
^SliTSXSS f 6 T ^ tO , 200 ° C for in ' e0ra,iOn ,0 a P^m 9 This preform wafm^n 
2v tL .lh^ — ^ Where ' n tbS re,raC,ive index 9radual| y decreased from the center towards the peSi 
Z y,V?Jt transm,ss,on Prop** o' optical fber thus obtained was 200 dB/km at 780 nm 150 dEVfcm a 850^m 
and120dB^ma.1.300nm. Thus, theoptica. fiber was corrfirmed to be capable of ^ 
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light to near infrared light satisfactorily. 

ESJ?? ° P,iCal fib6r wa !. stored in an oven of 70 ' c '° r 1 °00 hours and then taken out, whereupon the refractive 
,ndex gradation was measured by an Interphako interference microscope and compared with the refractive into ™ 
dient before the storage, whereby no change was observed. Further, the transmission property was evalSS 1«" 
urmg the transmission bandwidth by the following pulse method. ^ evaluated by meas- 

[0076] Namely, using a pulse generator, a pulse laser beam was generated and introduced into the ootical fiber 
whereupon the outgoing beam was detected by a sampling oscilloscope. This detected M^^ST^ 
transformation to analyze the frequency characteristic, whereby the Emission banS vTm^^e Z s 
bITn b TT , T a * me T red aftef St ° rin9 *» fiber at 70 °C for 1,000 hours. whe^yTw^s S) MHz ^ 



EXAMPLE 5 



S, am JTT ,^l S 7 P °' ymer A1 and Perf'^oOriphenylphosphine) (the latter being 7 wt% in the mixture) 
was charged into a sealed glass tube and melt-molded at 250»C to obtain a cylindrical molded product 

mn^f T m ° W ^ Pr0dUCt B " M ° Wed pr0duCt * had a re,ractive inde * °' 1 357 SirTofS-C ( 
[0078] Then, a cylindrical tube made solely of polymer A1 was prepared by melt moldina and ^ K 

^ cy,indricai ,iije and heated m for inte ^° ** - ^r™ s d P ^:^ t s 

e v ShM te ' n ^ ° P,iCal ' ^ WhiCh ,he re,raCliVe ind6X 9 radua,, y decfeas ^ from the o^S^tS^" 
*Z I=i l,9ht ,ransm,sslon P r °P*»y «* *e obtained optical fber was 200 dB/km at 780 nm 150 dZrtSrSl 

i^r*^ 

Kir J h Jn.° P,iCal ' ib6r W3S ^'^ in an 0ven of 70 ° C ,or 1 000 "«« and then ^en out. whereupon the refractive 
Z hlrf hi T meaS T e i by a " ' n,erphak0 '"terference microscope and compared with the Se wS 
ul L ,h B « T ' Wh ^ y 00 PartiCU ' ar Cha " 9e W3S °° served - Furth er. the transmission bal« „ . 
no decrease of the zone was observed at a level of 240 dB • km. whereby the thermal resistance was colmS'ote 
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[0080] A mixture comprising polymer A1 and 1.4-bis(perfluorophenylthio)tetrafluorobenzene (the latter beino 5 wt* 

[0082] This optical fiber was stored in an oven of 70»C for 1 ,000 hours and then taken out whereuoon the refract™ 
gradient was measured by an Interphako interference microscope and compared wTh tne fc£/222 

ovtesemf ^ "° ^ WaS *""" d - Further " ^^^S^^SSS 

SlT/r T P f m ^ EXamP ' e 4 ' Snd ,he proper,y was 60 befo 'e and after theVtorao ^erS 

o, uss r was con,irmed to be ^ as n ° decrease in *• sss 

EXAMPLE 7 

[0083] A mixture comprising polymer A1 and 2.4,6-tris(perfluorophenyf)-l.3.5-triazine (the latter beino 5 wry in th» 
80 dB/km a. 1 .300 nm Thus, the optica, fber was confirmed to be capable of transmitting light ranging fmm visiZ.fgW 



12 





EP 0 907 088 A2 



to near infrared light satisfactorily. 

[0085] This optical fiber was stored in an oven of 70°C for 1 ,000 hours and then taken out, whereupon the refractive 
index degradation was measured by an Interphako interference microscope and compared with the refractive index gra- 
dient before the storage, whereby no particular change was observed. Further, the transmission bandwidth was meas- 
ured by the same pulse method as in Example 4, and the property was compared before and after the storage, whereby 
no decrease of the zone was observed, at a level of 300 dB • km, whereby the thermal resistance was confirmed to be 
good. 



[0086] A mixture comprising polymer A1 and perfluoroterphenyl (the latter being 5 wt% in the mixture), was charged 
into a glass tube and melt-molded at 250°C to obtain a cylindrical molded product (hereinafter referred to as molded 
product e). Molded product e had a refractive index of 1 .357 and a Tg of 95°C. 

[0087] Then, a cylindrical tube made solely of polymer A1 was prepared by melt molding, and molded product e_ was 
inserted into this cylindrical tube and heated to 200°C for integration to obtain a preform. This preform was melt-spun 
at 230°C to obtain an optical fiber wherein the refractive index gradually decreased from the center towards the periph- 
ery. The light transmission property of the obtained optical fiber was 1 70 dB/km at 780 nm, 1 40 dB/km at 850 nm and 
1 10 dB/km at 1.300 nm. Thus, the optical fiber was confirmed to be capable of transmitting light ranging from visible 
light to near infrared light satisfactorily. 

[0088] This optical fiber was stored in an oven of 70°C for 1,000 hours and then taken out, whereupon the refractive 
index gradient was measured by an Interphako interference microscope and compared with the refractive index gradi- 
ent before the storage, whereby no particular change was observed. Further, the transmission bandwidth was meas- 
ured by the same pulse method as used in Example 4, and the property was compared as between before and after 
the storage, whereby no decrease in the transmission bandwidth was observed at 260 dB - km, whereby the thermal 
resistance was confirmed to be good. 



[0089] A mixture comprising polymer A1 and perfluoroquaterphenyl (the latter being 5 wt% in the mixture), was 
charged into a sealed glass tube and melt-molded at 250°C to obtain a cylindrical molded product (hereinafter referred 
to as molded product f). Molded product f had a refractive index of 1.357 and a Tg of 93°C. 

[0090] Then, a cylindrical tube made solely of polymer A1 was prepared by melt molding, and molded product f was 
inserted into this cylindrical tube and heated to 200°C for integration to obtain a preform. This preform was mert-spun 
at 240°C to obtain an optical fiber wherein the refractive index gradually decreased from the center towards the periph- 
ery. The light transmission property of the obtained optical fiber was 190 dB/km at 780 nm, 150 dB/km at 850 nm and 
120 dB/km at 1,300 nm. Thus, the optical fiber was confirmed to be capable of transmitting light ranging from visible 
light to near infrared light satisfactorily. 

[0091] This optical fiber was stored in an oven of 70°C for 1,000 hours and then taken out, whereupon the refractive 
index gradient was measured by an Interphako interference microscope and compared with the refractive index gradi- 
ent before the storage, whereby no particular change was observed. Further, the transmission bandwidth was meas- 
ured by the same pulse method as in Example 4, and the property was compared as between before and after the 
storage, whereby no decrease in the transmission bandwidth was observed at a level of 280 dB • km, whereby the ther- 
mal resistance was confirmed to be good. 



[0092] A mixture comprising polymer A1 and pert luoroanthracene (the latter being 5 wt% in the mixture), was charged 
into a sealed glass tube and melt-molded at 250°C to obtain a cylindrical molded product (hereinafter referred to as 
molded product g). Molded product g had a refractive index of 1.357 and a Tg of 95°C. 

[0093] Then, a cylindrical tube made solely of polymer A1 was prepared by melt molding, and molded product g was 
inserted into this cylindrical tube and heated to 200°C for integration to obtain a preform. This preform was melt-spun 
at 240°C to obtain an optical fiber wherein the refractive index gradually decreased from the center towards the periph- 
ery. The light transmission property of the obtained optical fiber was 190 dB/km at 780 nm, 150 dB/km at 850 nm and 
120 dB/km at 1,300 nm. Thus, the optical fiber was confirmed to be capable of transmitting light ranging from visible 
light to near infrared light satisfactorily. 

[0094] This optical fiber was stored in an oven of 70°C for 1,000 hours and then taken out, whereupon the refractive 
index gradient was measured by an Interphako interference microscope and compared with the refractive index gradi- 
ent before the storage, whereby no particular change was observed. Further, the transmission bandwidth was meas- 
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ured by the same pulse method as in Example 4. and the property was compared as between before and after the 
storage, whereby no decrease in the transmission bandwidth was observed at a level of 310 dB . km. whereby the ther- 
mal resistance was confirmed to be good. wy lne mw 

EXAMPLE 11 

[0095] A mixture comprising polymer A1 and an oligomer of trichlorofluoroethylene (average molecular weiaht 850 
^c^Z { T 6 ,atter bei " 9 15 "«* in ,he mixture >' was int ° a «a'ed glass tu^nd me ft£S 

■ r*ra^^^^ 

EL^Ih 8 Cy,i , nd !' ical 1 tub t e ™ de so,e| y °' P 0 '* 1 ™ A1 was prepared by melt molding, and molded product h was 

X^to^ ^ ^ he !f ,0 2 °°° C for in ' e9ra,i0n ,0 06,31,1 a P reform - ™ s P'*™ meM SS5 
at 230 C to obtam a graded-refractve-index optical fiber wherein the refractive index graduaNy decreased from the 

?nn hrZ^^ Periph6ry - ^ ' i9ht transmission <* obtained optical fiber wa m dsSSnm 

100 dB/km at 850 nm and 80 dB/km at 1 .300 nm. Thus, the optical fiber was confirmed to be capable rftransmiZ 
light ranging from visible light to near infrared light satisfactorily. transmitting 
[0097] This optical fiber was stored in an oven of 70°C for 1 ,000 hours and then taken out. whereupon the refractive 

• ^ f 6856 °' ,hS r8fraCtiVe ind6X V " B8 0b6erwed in the vicini, y °' the center °' «"^ore Cingly 

SSK^^ST" ,h was observed ' Name,y ' 260 MHz • km before ,he s,ora9e *~Sf?S6 

EXAMPLE 12 

J.K 09 , 3 !. A . mixture com P"Sing polymer A1 and perfluorobiphenyl (refractive index: 1.45) manufactured bv Aldrich Co 

SSSSSTr 8 JZ£ *' T*' Chaf9ed int ° 3 S6aled 9l3SS ,Ube and me,, - mold6d at 25o"c?o oot^ a cyS: 
a T?o773»r? ( here,na «« ref *rred to as moHed product 0 . Molded product i had a refractive index of 1 .357 and 

EL i^h 8 ^ in ^ riCa ! SOl6 ' y ° f P °' ymer A1 was prepared b * me,t moldi "9- and molded product I was 

a?230% to o^i^S J ^ ^ 10 20000 for ime9ra,i0n to ° bt3in 3 pre,orm TOs P«*™ ^ me»Cn 
a lnt!°, ? f a^ed-refractive-mdex optical fiber wherein the refractive index gradually decreased from the 

Per ' Phery - 7116 ,i9h ' transmission P"**** *• obtained optical fiber was I60SZS ?S?1 
120 dB/km at 850 nm and 100 dB/km at 1.300 nm. Thus, the optical fiber was confirmed to be capable o7tSnsmit2 
light ranging from visible light to near infrared light satisfactorily. transmitting 
[0100] This optical fiber was stored in an oven of 70»C for 1 ,000 hours and then taken out whereupon the refract™ 
index gradients measured by an interference microscope and compared w* 

1 SLIHF f 6888 "l" 18 r8fraCt,Ve ind6X WaS ° bSSrved in tne vicini * of ,he of me core A^nl 
^™nflJl i r! m ' S !; 0n bandwi * h was obsefved Namel * transmission bandwidth of 200 MHz . km %SSR 
storage was found to have decreased to 1 10 MHz • km after the storage. 

EXAMPLE 13 

SinChT^ 8 COmpriSin ,° A1 and Parfluoro(diphenylsulfide) manufactured by Aldrich Co (the latter being 

/k mixture) was charged into a sealed glass tube and melt-molded at 250°C to obtain a cyl ndrical mold* 
Kl ^ "^J*^*-™"* productD. Mc.ktedp^urtlhadarrth^lndwrt 1.357 
EL il .hi 8 Sf!?^.^" TfZ SO,e ' y ° f P °' ymer A1 WaS Prepared by melt moldi "8- «* molded product] was 

a?230% to oo^in^^ ^ t0 ** '^V*™ * ^ a pre,orm ' ™ s P"*™ was melt-sp^n 

at 230 C to obtain a graded-refractivenndex optical fiber wherein the refractive index gradually decreased from the 

%££TTJ? ™ 8 ,i9W transmissi °" P~P«ty of the obtained optical fiber was 190 dS at 78?nm 

150 dB/km at 850 nm and 120 dB/km at 1.300 nm. Thus, the optical fiber was confirmed to be capaSe TtransmZo 
light ranging from visible light to near infrared light satisfactorily. transmitting 

iS™^ 0 ^ 081 fib8f *" >tor " d in a " ° Ven ° f 70 ° C ,or 1 000 and thfl n taken out. whereupon the refractive 
Ltarano h T SUfed by ™ in,erterence Microscope and compared with the refractive index gradient befoT Te 
storage, whereby a decrease in the refractive index was observed in the vicinity of the center of the core ^SSnS 

fhe storage was found to have decreased to 1 80 MHz • km after the storage. 
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EXAMPLE 14 



[0104] A mixture comprising polymer A1 and perfluoronaphthalene (refractive index: 1.48) manufactured by Aldrich 
Co. (the latter being 6 wt% in the mixture), was charged into a sealed glass tube and melt-molded at 250°C to obtain a 
cylindrical molded product (hereinafter referred to as molded product fc). Molded product is had a refractive index of 
1 .357 and a Tg of 76°C. 

[0105] Then, a cylindrical tube made solely of polymer A1 was prepared by melt molding, and molded product was 
inserted into this cylindrical tube and heated to 200°C for integration to obtain a preform. This preform was mert-spun 
at 230°C to obtain a graded-refractive- index optical fiber wherein the refractive index gradually decreased from the 
center towards the periphery. The light transmission property of the obtained optical fiber was 180 dB/km at 780 nm 
150 dB/km at 850 nm and 1 10 dB/km at 1,300 nm. Thus, the optical fiber was confirmed to be capable of transmitting 
light ranging from visible light to near infrared light satisfactorily. 

[0106] This optical fiber was stored in an oven of 70°C for 1 ,000 hours and then taken out. whereupon the refractive 
index gradient was measured by an interference microscope and compared with the refractive index gradient before the 
storage, whereby a decrease in the refractive index was observed in the vicinity of the center of the core. Accordingly, 
a decrease in the transmission bandwidth was observed. Namely, the transmission bandwidth of 220 MHz • km before 
the storage was found to have decreased to 1 1 0 MHz - km after the storage. 



EXAMPLE 15 



[01 07] A mixture comprising polymer A1 and 1 ,3,5-trichloro-2,4,6-trif luorobenzene manufactured by PCR Co. (the lat- 
ter being 6 wt% in the mixture), was charged into a sealed glass tube and melt-molded at 250°C to obtain a cylindrical 
molded product (hereinafter referred to as molded product m). Molded product m had a refractive index of 1.355 and a 
Tg of 79° C. 

[0108] Then, a cylindrical tube made solely of polymer A1 was prepared by melt molding, and molded product m was 
inserted into this cylindrical tube and heated to 200°C for integration to obtain a preform This preform was melt-spun at 
230°C to obtain a graded-refractive-index optical fiber wherein the refractive index gradually decreased from the center 
towards the periphery. The light transmission property of the obtained optical fiber was 210 dB/km at 780 nm 170 
dB/km at 850 nm and 130 dB/km at 1 ,300 nm. Thus, the optical fiber was confirmed to be capable of transmitting light 
ranging from visible light to near infrared light satisfactorily. 

[0109] This optical fiber was stored in an oven of 70°C for 1 ,000 hours and then taken out, whereupon the refractive 
index gradient was measured by an interference microscope and compared with the refractive index gradient before the 
storage, whereby a decrease in the refractive index was observed in the vicinity of the center of the core. Accordingly, 
a decrease in the transmission bandwidth was observed. Namely, the transmission bandwidth of 250 MHz • km before 
the storage was found to have decreased to 1 70 MHz • km after the storage. 



EXAMPLE 16 



[0110] A mixture comprising polymer A2 and 2,4,6-tris(perfluorophenyl)-1,3,5-triazine (the latter being 5 wt% in the 
mixture), was charged into a sealed glass tube and melt-molded at 250 6 C to obtain a cylindrical molded product (here- 
inafter referred to as molded product n). Molded product n had a refractive index of 1.340 and a Tg of 130°C. 
[0111] Then, a cylindrical tube made solely of polymer A2 was prepared by melt molding, and molded product n was 
inserted into this cylindrical tube and heated at 230°C for integration to obtain a preform This preform was melt-spun at 
270°C to obtain an optical fiber wherein the refractive index gradually decreased from the center towards the periphery. 
The light transmission property of the obtained optical fiber was 250 dB/km at 780 nm, 200 dB/km at 850 nm and 170 
dB/km at 1 ,300 nm. Thus, the optical fiber was confirmed to be capable of transmitting light ranging from visible liaht to 
near infrared light satisfactorily. 

[01 1 2] This optical fiber was stored in an oven of 85°C for 1 ,000 hours and then taken out, whereupon the refractive 
index gradient was measured by an Interphako interference microscope and compared with the refractive index gradi- 
ent before the storage, whereby no particular change was observed. Further, the transmission bandwidth was meas- 
ured by the same pulse method as in Example 4, and the property was compared as between before and after the 
storage, whereby no decrease in the transmission bandwidth was observed at 280 dB • km, whereby the thermal resist- 
ance was confirmed to be good. 

EXAMPLE 17 

[011 3] A mixture comprising polymer A3 and 2,4,6-tris(perf luorophenyl)-1 ,3,5-triazine (the latter being 5 wt% in the 
mixture), was charged into a sealed glass tube and melt-molded at 250°C to obtain a cylindrical molded product (here- 
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rafter referred to as molded product q). Molded product B had a refractive index of 1.320 and a Tg of 140*C 
101 1 5] This optical fiber was stored in an oven of 85°C for 1 ,000 hours and then taken m ,t wh flfol ,™ .u , 

sxss 1 r measu h re i by 30 imerphako imerference ^^^^^^^^^^ 



?s Claims 



JSi^u^^ p,aSti ° ma,erial ""P"** ^ amorphous fluorine-containing polymer (A) havino 



2. 



3. 

55 4. 



(B1) a fluorine-containing non-condensed polycyclic compound havino at least two florin*.,™*--.,- • 
bonded by a bond containing at least one merrier select fj thTgro^ ofTt^So aVZ 

gen atom, a sulfur atom, a phosphorus atom and a metal atom. eaJ ^JmSSS^^SL h£Z' 

(B3) a fluorine-containing condensed polycyclic compound which is a condensed Dolvcvclic comnonnd ™ m 
posed of at least three carbon rings or heterocyclic rings, and which has iSSSS^ 

17? a™ W "tf 8 ,iC ma,erial according ,0 Claim 1 - "•** "as a numerical aperture NA of at 



* 
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5. The graded-refractive-index optical plastic material according to any one of Claims 1 to 4, wherein the optical plas- 
tic material is a graded-refractive-index optical f ber or a preform for the production of a graded-ref ractive-index opti- 
cai TiDer. 

6. The graded-refractive-index optical plastic material according to any one of Claims 1 to 5, wherein the fluorine-con- 
taining polymer (A) is a fluorine-containing polymer having a fluorine-containing alicyclic structure in its main chain. 

7. The graded-refractive-index optical plastic material according to any one of Claims 1 to 6, wherein the fluorine-con- 
taining polycyclic compound (B) has a refractive index of at least 1 .45. 

8. The graded-refractive-index optical plastic material according to any one of Claims 1 to 7, wherein each of said car- 
bon rings is a cyclic saturated hydrocarbon ring or a cyclic unsaturated hydrocarbon ring. 

9. The graded-refractive-index optical plastic material according to any one of Claims 1 to 8, wherein the atoms con- 
futing each of said heterocyclic rings are selected from a carbon atom, a nitrogen atom, an oxygen atom a sulfur 
atom and a phosphorus atom. ' 

10. The graded-refractive-index optical plastic material according to any one of Claims 1 to 9, wherein said fluorine- 
containing non-condensed polycyclic compound is a compound having at least two fluorine-containing rinos 
bonded by a bond containing at least a triazine ring. y 
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